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COMPLETE SPECIFICATION 

Improvements in or relating to Polyphase Dynamo-electric Machines 
incorporating Protection against Overheating 



We. Wejstixuholse Electric Ixterxa- 
TioxAL CoMPAXY. of 40, Wall Street, New 
York o, State of Xew Vork, United States 
of America, a Corporation org'anii?ed and 

5 existing tinder the Laws of the State of 
Deleware, in said United States of Amer- 
ica, do herel>y declare the invention, for 
whicii we pray that a patent may be 
granted to us, aaid the method by which it 

10 is to be performed, to be particularly de- 
scribed in and by the following state- 
ment : — 

The iireiient 'invention relates to poly- 
phase dynamo-electrii* machines ineorpor- 

ISatint^ |)]'(Heclion against overheiUing-. 

Polyphase dynamo-electric machines 
have nsnally lieeii j>r<itected against over- 
heating bv jnean.s of thermal overload re- 
lay haviilir ii thermally responsive element, 

20tisually a bimetallic dement, heated either 
direetiy by xhe mrrent of the protected 
nmchiiit^ or by a healer cariyinii the ciu*- 
reiit, <o that the relay respojided solely to 
the curi'ent. Sticli relays have usually 

25 boeti mounted remote from the raadiine it- 
t^elV, and trequentiy in the same enclosure 
or cainnet as a motor starter or other con- 
trol equipment. Relays of thi- type do not 
give entirely satisfactoiy or adequate pro- 

SOtection, liowcver, siJice the relay responds 
only to the current, and the thermal char- 
acteristir> of the relay do not, and ob- 
viously can J lot, match those of, foj* exam- 
ple, a motor, S(» that the thermal response 

35 of the rclav differs from that of the motor. 
Thus, the jolay is affected dift'ei-entiy from 
the mot 01- by chamies in ambient tempera- 
ture, find the response of (he relay may 
also be affected by heat from other adja- 

40 cent devices, by air cnrveuts and simi- 
lar conditions which do not affect the 
motor. Difficulty in calibration of the 
relay, and the necessity of a larire number 
of different types and sizes of heaters for 

45 different motor dcsisrns, al?o make it diffi- 
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cttlt to properly apply conventional pro- 
tective relays and to obtain the desired 
protection. The conventional relays, there- 
fore, are not satisfactory since it is not 
possible to obtain sufficiently close protec- 50 
tion, and in some circumstances the relay 
will operate when the motor is still below 
the maximiun safe temperature, so that it 
is unnecessarily stopped, while under 
other circumstances the relay msij allow 55 
the nmtor to become overheated before it 
operates. 

Inherent thernml protection has been 
extensively and successfully used in single- 
pha.sc motors. In this type of protection, 60 
a thermally responsive device, usually a 
bimetallic element, is mounted directly in 
or on the motor, so that it responds direct- 
ly to the motor temperature, and usually 
is also heated by or in response to the 65 
motor current. Veiy close and effectiA^e 
protection is oiDtained in this way. but this 
type of protection has not been applied to 
three-phase machines because at least two 
relays w^ould l)e needed, in order to open 70 
two lines, and three relays would be neces- 
sary to obtain complete protection under 
ail conditions, since on certain types of 
external faults a three-phase motor may 
o])ei*ate on one phase with excessive cur- 75 
lerit in the one phase which may be that 
nut associated with a relay. The cost and 
complication of these arrangements has 
made it impractical to apply this tyj)e of 
prttTeci ion to three-phase machines-. Fur- 80 
thermore. if the relays are mounted in the 
machine to be as close as possible to the 
I not 01* windings, so as to follow the tem- 
perature changes accurately, they are en- 
closed in the motor and are not accessible 85 
for servicing without partially disassem- 
l)lin«- the motor. Thus, the conventional 
inherent thermal protection as used in 
single-phase motors is not satisfactory for 
polyphase machines. - 90 
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In addition, it has been proposed to pro- 
vide thermal protection for a polyphase 
motor by means of a thermally responsive 
device which is either disposed in the wind- 
5 ing or is heated by resistance heaters con- 
nected in the line leads. 

The principal object of the present in- 
vention is to provide inherent thermal pro- 
tection for a polyphase dynamo-electric 
10 machine which will reliably protect the 
machine against overheating under any 
condition. 

According to the present invention 
there is provided a polyphase djoiamo elec- 
15 trie machine having a thermally respon- 
sive protective device comprising tnbe 
means containing a liquid which vaporizes 
to actuate machine de-energising contacts 
at the safe maximum temperature of the 
20 machine, the complete tube means being 
disposed in close thermal relation to the 
windings of all the phases of the maehuie 
so as to be heated 'by the heating effect of 
current flowing in said phases* and indi- 
25 vidual parts of said tube means being ad- 
apted to be individually and additionally 
heated by the etirrents flowing in the re- 
spective phases of the machine. 
The invention will become apparent from 
30 the following detailed description of sev- 
eral exemplary embodiments thereof illus- 
trated in the accompanying drawings. 

Fig. 1 is a perspective view, partly 
broken away, showing a thermally pro- 
35 tected machine; 

Fig, 2 is a view in elevation showing the 
thermallv responsive protective device ; 

Figs. '3 and 4 are schematic diagrams 
showing the connections of the device to 
40 star and delta-connected motors respec- 
tively; and 

Figs. 5 and 6 are similar diagrams show- 
ing the connections of the device to dual- 
voltage star and delta connected motors, 
45 respectively. 

Fig. 1 shows a thermally protected elec- 
tric motor embodying the invention. An 
alternating-current induction-motor has 
been shown for the purpose of illustration, 
50 b\it it will be undersetood that the protec- 
tive device is generally applicable to poly- 
phase dATiamo-electric machines of any 
tvpe. The motor shown in Fig. 1 includes 
a frame structure 1 in which is supported 
55 a stator core 2 with windings 3 disposed 
in slots in the core in the usual manner, 
with the end turns of the windings extend- 
ing beyond the core. The motor also has 
a rotor 4 mounted on a shaft 5 supported 
60 for rotation in hearings carried in end- 
brackets 6 

The motor is protected against overheat- 
ing by means of a thermally responsive de- 
vice 7, which is shown more clearly in Fig. 
65 2, As there shown, the device 7 consists 



of a length of electrically and thermally 
conductive tubing 8, which is preferably 
electrically insulated by glass sleeving 9 or 
other insulating material. The tube 8 is 
made of a conducting material which is 70 
selected to have the proper resistivity to 
give the desired heating effect in response 
to the currents expected in the particular 
motors on which the device is to be used. 
The tube 8 contains a vaporizable liquid 75 
which boils at approximately the maximum 
safe tempei'atiu'e which the machine wind- 
ings are to be allowed to reach. Any suit- 
able liquid having its boiling point in the 
desired range may be utilized. For the 80* 
usual organic insulation, the maximum safe 
temperature is of the order of 95° C. to 
100°C., and a liquid having its boiling 
point in this range, such as water or propyl 
alcohol, may be used. If the machine in- 85 
sulaticn is of a type which can be permit- 
ted to reach higher temperatures, a liquid 
having a higher boiling point can be used. 
One end of tube 8 is closed and the other 
end terminates in an expandable capsule 90 
or bellows device 10 which is arranged to 
actuate normally closed contacts 11 to 
open the contacts when the device 1 0 is ex- 
panded. It will be seen that when the 
tube 8 is heated sufficiently to vaporize the 95 
liquid in it, the device 10 will be expanded 
and cause the contacts 11 to open. The 
device 10 and contacts 11 are preferably 
enclosed in a housing 12. 

The tube 8 is not continuous but is 100 
interrupted by two electrical insulators 13 
and 14 which may for example be made of 
glass, or porcelain. The insulators 13 and 
14, as shown in Fig, 2, are tubular insula- 
tors in which the ends of the adjacent sec- 105 
tions of the tube 8 are received and held, 
so that a continuous passage is provided 
from one end of the tube to the other, but 
the tube is electrically discontinuous. The 
insulator 13 is located adjacent the device 110 
10, so as to insulate the device 10 from the 
remainder of the tube. The insulator 14 is 
located so as to divide the tube into the 
sections of unequal length, the insulator 
14 being disposed approximately one-third 115 
of the distance from the closed end of the 
tube to the insuator 13. 

Electrical connectors 15 and 16 are pro- 
vided adjacent the closed end of the tube 
8 and the insulator 14, respectively. These 120 
connectors may be soldered or otheirwise 
joined to the tube S, and may be of any 
desired type which will permit electrical 
connections to be made to the tube. Simi- 
lar connectors 17 and 18 are provided 125 
adjacent the opposite side of the insulator 
14 and the insulator 13, respectively, and 
a connector 19 is placed substantially half- 
way between the connectors 17 and 18. The 
connectors are arranged so as to divide the 130 
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tube into three seetiuiis ui approximately 
equal length and eleetrieal resistance, the 
section^: being between the connectors 15 
and 16, the connectors IT and 19, and the 
5 connectors 19 and IS. A connecting' wire 
or juniper 20 which, as shown, is eonstit- 
tuted by an extension ot* the connector 16, 
is provided tor joiain2- tlie connectors 16 
and 19. This wire 20 is needed in some 
10 electrical connections of the device and is 
omitted in other connections, as will ap- 
pear hereinafter. 

The device 7 is applied directly to the 
end-turns of the motor windings 3 in the 
15 manner shown in Fi<r. 1. Thus, the tube 8 
is wrapped circumferentially around the 
end turns in direct contact w*ith them, so 
as to lie in close thermal relation to the 
windings, the conductive tube being elec- 
20 trically insulated from the winding con- 
dnctnrs in' the winding insulation and the 
insulation 9 of the device. The end of the 
tube with the device 10 and contacts 11 
extends out through the motor frame and 
^5 the housing 12 is mounted in the junction 
box 21, so that it is readily accessible from 
the outside of the motor. If desired, the 
other end of the tube within the motor 
may be bent into contact with the bearing, 
30 as indicated at 22, to provide protection 
against overheating of the bearing. It will 
be evident that the tube 8 is in close ther- 
mal relation with the windings o, so that 
its tempei-ature closely folloAvs the tem- 
35 perature of the windings, and when the 
tube is heated to the boiling point of the 
liquid in it, the liquid will be vaporized, 
causing the device 10 to expand and open 
the contacts 11. Thns, the device 7 oper- 
40 ates to open its contacts in response to 
heating of the windings to a predetemiined 
maximum snfe temperature. 

Keating of the tube 8 directly by con- 
duction from the motor windings provides 
45 adequate protection against overheating 
caused hv ovcrleads and >^ome otlier condi- 
tions, but under stalled or locked-rotor 
conditions, the wiudhms heat so rapidly 
that transfer of heat to the tube may not 
50 be fast enough to give adequate protection. 
In order to provide protection under these 
conditions, the tube ^ is also heated 
directly by the motor current. Fig. 3 
shows the manner in which the tube is elec- 
55tricaliv connected to the winding? of a 
star-connected motor. This figure shows 
a three nhase motor having phase windings 
23, 24 and 25, connected to a three-phase 
line 26 by means of a contactor 27. The 
60 other ends of the windings 23, 24 and 25 
are connected to the connector's 15, 17 and 
IS, respectively, and the connectors 16 and 

19 are joined by the electrical connection 

20 which in this instance is showm as be- 
65 in^ integral therewith. Each section of 



the tube 8 is thus connected in series with 
one of the phase windings to carry the 
phase current, and all three sections are 
connected to the connector 19 which forms 
the neutral point. 

The conla.ts 11 of the device 7 may be 
covmected in the control eircnit of the 
motor in any desired manner. As shown 
in the drawing, the contactor 27 is actu- 
ated by a coil 28 connected across one 75 
phase of the line 26 ..nd is -ontrolled by a 
^tart pushbutton 29 and a stop pushbutton 
30. The motor is started by momentarily 
closino* the start button 29, which ener- 
dses the coil 28 and closes the contactor 80 
27, the contactor being held in by a main- 
taining contact 31. The motor is stopped 
by opening of the contacts 11 or by actua- 
tion of the stop pushbutton 30, either of 
which interrupts the circuit of the coil 28 85 
and allows the contactor 27 to open. 

It will be seen that the motor will be 
stopped upon heating of the tube 8 to the 
predetermined maxi^aum safe temperature 
either by direct conduction of heat from 90 
the windings or by heating by the current . 
flowing through the three sections of the 
tube. "Complete protection is obtained in 
this way under all conditions. Thus, heat- 
ing due to an overload causes the winding 95 
temperature to rise and heat the tube 8 
directly. Stalled or locked rotor condi- 
tions cause excessive cvirrents in the wind- 
ings, which ilow through the sections of 
the tube and heat it rapidly enough to 100 
cause operation in time to protect the 
motor. Protection is also obtained against 
single-phase operation of the motor. Such 
operation mav be caused by interruption 
of one of the lines 26 external to the motor, 105 
which will result in the motor running as 
a sinole-phase motor with two of the phase 
windinos in series across the remaining 
two lines and with excessive current flow- 
ing in the one phase winding which is 110 
energized. Single-phase operation may 
also result from blowing of a fuse on the 
primary side of a thi-ee-phase transformer 
supplying the motor. Current will then 
flow through two of the phase windings in 115 
parallel and return through the third 
)»hase, which will thns be cam-ying an ex- 
cessive current. Since each section of the 
tube carries the current of one of the phase 
vdndinas, the tube will be heated sufli- 120 
ciently to cause operation by excessive cur- 
rent in any phase and complete protection 
is provided under these conditions. 

Fig. 4 show^s the manner of connecting 
the device 7 to a delta-connected motor 125 
having three-phase windings 32. 33 and 
34. The windings 32 and 34 are con- 
nected at one end Vo each other and to tire 
line, and the other ends of these windings 
are connected to the connectors 17 and 15, 130 
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respectively, of the device 7. One end of 
the winding 33 is connected to the connec- 
tor 188 and the other end is connected to 
the second line and to the connector 16, 
5 the connector 20 being omitted in tliis 
coimection. The connector 19 is con- 
nected to the third line. It will be 
seen from Fig. 4 that this results 
in the three windings being connected in 

10 delta with one section of the tube 8 in* 
series with each phase winding, so tliat fnli 
and complete protection is obtained, under 
all conditions, in the same manner de- 
scribed above in connection with Fig. 3. 

15 In Fig. 4, the device 10 is shown as actua- 
ting multiple contacts 35, instead of the 
single contact previously described, the 
contacts 35 being connected directly in the 
supply line so that operation of the device 

20 opens the line directly. It will be under- 
stood that in either of the connections of 
Figs. 3 or 4, multiple contacts might be 
used in the maimer shown in Fig. 4, or a 
single contact might be connected in a con- 

25 trol circuit as shown in Fig. 3, depending 
upon the size of the motor and the magni- 
tude of the currents to be interrupted. 

The device 7 is usable with dual- voltage 
motors as well as with single-voltage 

30 motors and can readily be connected so 
that the usual standard connections of 
these motors may be used without change. 
Dual-voltage motors are provided with 
T\nndings which have two sections in each 

35 phase, the sections of each phase being 
connected in series for operation on the 
higher voltage and in parallel for opera- 
tion on the lower voltage. In applying 
the device 7 to a star-connected dual- 

40 voltage motor., the connections are made 
as shown in Fig. 5, which corresponds. to 
Fio*. 3. As shown in Fig. 5, for the low- 
voltage connection, one section 37 of each 
oi the three phases is connected to the re- 

45 lav in the same manner as the windings 
shown in Fig. 3, and the other .sections 36 
of each phase are connected in star to a 
neutral point 38, so that the two sections 
of each phase are in parallel, with a sec- 

50 tion of the tube S in series with one sec- 
tion of each phase winding. For high- 
voltage operation the two sections 36 and 
37 of each phase are connected in series 
, and connected to the device 7 in exactly 

55 the same manner as in Fig. 3. It will be 
apparent that protection is provided in 
this way in the same manner previously 
described, since the tube 8 will carry the 
same cun^ents in each connection and the 

60 same device 7 is, therefore, usable for both 
hish and low voltage connections. 

Fig. 6 corresponds to Fig. 4 and shows 
the low-voltage connection for a dual-volt- 
acre delta-connected machine. In this con- 

65 nection, one section 39 of each phase is 



connected in delta to the corresponding 
sections of the other phases and to the line. 
One end of each section 40 of each phase 
is connected to the device 7, in the same 
manner as in Fig. 4, and the other end 70 
of each section 40 is connected to the corre- 
sponding section 39, It will be e\"ident 
from the drawings that each phase consists 
ct' two parr.lleied sections with a section of 
the tube S in series with one section. For 75 
the high-voltage delta connection, the 
winding sections 39 and 40 of each phase 
are connected in series, and the connec- 
tions to the device 7 are made in the man- 
ner shown in Fig. 4. Thus, the relay is 80 
applicable to dual-voltage motors, either 
star or delta connected, in a simple man- 
ner which makes it possible to use the 
standard connections for motors of this 
type. 85 

It should now be apparent that inherent 
thermal protection has been provided by 
means of a relatively simple and inexpen- 
sive thermally responsive device 7 which 
is applicable to polyphase motors to pro- 90 
vide complete protection under all condi- 
tions. The thermally responsive device 7 
is readily applied to the end turns of the 
winding and may be put in place before 
the final varnish impregnation and baking 95 
of the winding, if desired, so that the var- 
nish helps to hold it in place and in good 
thermal relation with the windings. The 
capsule or bellows device and contact as- 
sembly of the device 7 extend outside the 100 
motor frame and are readily accessible so 
that the contacts may be serviced easily 
without disassembling the motor. 

Various modifications are, of course, pos- 
sible within the scope of the invention. 105 
Thus, the tube 8 might be heated by 
heater wires wrapped around the tube, or 
carried into the tube by insulating con- 
nections, and connected to the motor 
windings in the manner shown, although 110 
these arrangements are probably less desir- 
able than that sho\\Ti because of the in- 
creased resulting overall diameters of the 
combuied tube and heaters and the greater 
heating effect needed due to heat losses. 115 
The insnlator 13 is necessary since the de- 
vice 10 is mounted on the motor frame at 
QTound potential and must, therefore, he 
insulated from "any winding connected to 
the connector 18, uiiless the connector 18 is 120 
connected to a neutral point which is at 
ground potential. If the device 10 were 
insTilated from ground, however, the in- 
sulator 13 could be omitted. 

What we claim is : — 125 

1. A polyphase dynamo electric machine 
having a thermally responsive protective 
device comprising tube means containing 
a liquid which vaporizes to actuate mach- 
ine de-energising contacts at the safe 130 
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maximum temperature of the machine, the 
complete tube means being disposed in 
dose thermal relation to the windings of 
all the phases of the maehine so as to be 
5 heated bv the heating effect of current 
llowing in said phases, and individual 
parts of said tube means being adapted to 
1,6 individnallv and additionally heated 
by the currents llowing in the respective 
10 phases of the machine. 

2. A machine as claimed in Lliiim i 
wherein the tube means consists of tube 
sections of electrically eonducting material 
electrically connected with the circuits of 
15 the machine windings in such a way that 
separate portions of the tnbe carry the 
current of the associated phase w-mding 

3 A machine as claimed in Claim L 
wherein the tube means comprises two tube 
20 sections which are electrically insulated 
from each otlier l)ut whieli iiave their bores 
communicating with each other, one sec- 
tion Ijeing substantially twice as long as 
the other section, both sections having elec- 
25 tricai i^omiecting means adjacent each en( 
and the longer section having additional 
eonneeting means substantially mdv^iiy 
between the ends thereof whereby the tube 
is divided into three substantially eciuai 
'M) lengths which are connected m the winding 
inrcuh of the machine r^i 

4 A machine as clamied m Llaim 
wherein the connecting means iif^'V^^^^^Vi!^ 
free end of the shorter section of the tnhe 
35 is connected to one of the phase windings 
of the m<i chine, the connecting means at 
the other end of said shortei* section being 
connected to the connecting "^f inidwa^; 
of the longer section of the tube the otliei 
40 two co:Miecting means adjacent the eno.s ot 
said longer section being respectively con- 
iieeted to the other two phase windings (»t 
the machine. r^t .-i. 

5 A machine as claimed m Llaim o 
45 wherein one of the ]>hase windings nt the 
machine is connected to the connecting 
menus adjacent the free end of the shorter 
section of the tube, a second one ol tiie 



phase windings of the machine being con- 
nected to the connecting means adjacent 
one end of the longer section of the tube, 
the other ends of said phase winding's be- 
ini> connected together for connection to 
one phase of a three-phase line, one end of 
the third-phase winding of the machine 55 
beine connected to the connecting means 
at the other end of the longer section of 
the tnbe, the other end of the third-phase 
winding and the other connecting means of 
the sliorter sectiim of the tube being con- 60 
nected together for connection to a second 
phase of the line, and the connecting 
means midwav of the longer section of the 
tube being connected to the third phase of 
the line. ^ . 

f). A machine as claimed m any of the 
])receding claims wherein said tube means 
extendy eireumferentially of the machine 
in close thermal relation with the end-por- 
tions of the stator windings. "0 

7. A machine as claimed m any of the 
preceding claims wherein one end of said 
tube means extends outside the stator 
member of the machine and is pro- 
vided with swntch means for effecting dc- 75 
energisation of the machine in response to 
vaporization of the liquid in the tube 

means. -, . z^, • ^ 

8. A machine as claimed m Claim ( 
wherein said switch means -are accessible 80 
from the outside of the machine. 

9. A machine as claimed in any of the 
precedino; elaiins, wherein one end of the 
tube extends into close thermal relation 
with one of the bearings supporting the 85 
rotor of the machine. 

in. A polyphase d\aiamo-electric maeh- 
iiie having i\ thermally responsive protec- 
tive device substantially as hereinbefore 
described with reference to and as illus- 90 
trated in the accompanying drawings. 

(1. RAYMOND SHEPHERD, 
Chartered Patent Agent, 
l-o. Regent Street, London, S.W.I, 
Agent for the Applicants. 
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3 SHEETS jf^ig drawing is a reproduction of 
the Original on a reduced scale. 
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